Abstract. Quantitative study on cement paste especially blended cement paste has been a hot and difficult issue over the years, and the technique of backscattered electron image analysis showed unique advantages in this field. This paper compared the test results of cement hydration degree, Ca(OH) 2 content and pore size distribution in pure pastes by image analysis and other methods. Then the accuracy of qualitative study by image analysis was analyzed. The results showed that image analysis technique had displayed higher accuracy in quantifying cement hydration degree and Ca(OH) 2 content than non-evaporable water test and thermal analysis respectively.
Introduction
In recent years, the application of backscattered electron image analysis (BSE-IA) technology in the research of cement paste in increasingly by researchers pay attention to [1, 2] . In blended cement paste, it's hard to determine hydration progress quantitatively due to coupling reaction between cement and supplementary cementious materials. Compared to conventional research methods, BSE-IA technology has unique advantages in the quantitative study of blended cement paste. Unlike the secondary electron imaging, technique of backscattered electron imaging not been applied widely. There are two main reasons for its limited application, one is the difficulties of sample preparation and the other is the uncertainty of test accuracy. Some works have been done to determine appropriate preparation process for polished sample of cement paste by P.M.Wang et al. [3, 4] . However, few works has been done to investigate the test accuracy of BSE-IA in quantitative study in cement paste. There is only one paper published in 1997 showing some research results about it [5] . In this paper, the accuracy of BSE-IA quantifying porosity and CH content in pure cement paste was analyzed by comparing the results of BSE-IA with that of other methods including methanol adsorption and thermal analysis. The results showed that there was good consistency between the porosity data determined by the methanol adsorption and BSE-IA separately. However, there was obvious difference in pore size statistic by the two methods, pores larger than 36.8nm were statistical calculated by the former while pores larger than 500nm by the later. There was no direct comparison result since thermal analysis determined CH content by mass while BSE-IA determined by volume.
In this paper, the accuracy of BSE-IA quantifying cement hydration degree and CH content was analyzed by comparing the results determined by BSE-IA with the results determined by other methods including non-evaporable water (Wn) test and thermal analysis.
Materials and Methods
Portland cement P.I 52.5 was used for pure cement paste (PC) preparation in this project. The chemical compositions of cement were presented in table 1. PC paste was prepared at the water to cement ratio of 0.5. The paste was cured in saturated lime water after the first 24h hydration until test time at 20°C. At 1, 3, 7, 28,90,180 and 360 days, the hardened cement paste was sliced into several sections, and the hydration was stopped by water-ethanol replacement. After that, the sections were dried in vacuum desiccation at 40 °C for 24 hours and then stored in a desiccator oven to avoid further hydration and any possible carbonation/alteration. Polished samples of paste were prepared for BSE-IA, the specific process of polished sample preparation was presented in detail in other paper of author [3] . Samples for mercury intrusion porosimetry test were made into spherical to investigate pore size distribution in cement pastes while samples for thermal analysis and selective chemical solution test were ground and sieved.
A scanning electron microscope (FEI QUANTA200FEG) was used to take pictures at backscattered electron mode. Then, cement hydration degree, Ca(OH) 2 (CH) content, pore size distribution and slag hydration degree were determined quantitatively by BSE images analysis.
The amount of non-evaporable water was determined according to the procedure proposed in existing literature [6] . This value was used as a means to estimate the hydration degree of cement in PC paste. The amount of CH in pastes was determined quantitatively by thermogravimetric analysis (TG). (1.00±0.01) g powder specimen (80µm) was analyzed from RT to 1000°C at a heating rate of 10°C /min. Each temperature interval corresponds to certain decomposition of different phases in cement paste and the amount of CH could be assessed from the positions of decalescence peak between 500-570 °C [7] .
Results and Discussions
Cement Hydration Degree Determination by BSE-IA and Wn Test. In this study, cement hydration degree in PC paste from 1 to 360 days was determined by BSE-IA. The image processing was carried out by an image processing software (Image-Pro Plus 6.0) based on the entropy maximization of the grey level histogram (GLH) curve in order to extract the area fraction of unhydrated cement (UHC).As shown in Fig.1 , images were processed according to the following steps: firstly, threshold by the entropy maximization of the GLH curves so that a binarised image corresponding to the anhydrous particles is obtained; secondly, close holes in anhydrous particles; finally, rebuild the phase of UHC and DOI: 10.1051/ 07034 (2016) , matecconf/2016 MATEC Web of Conferences 6 acquire the area fraction of UHC. The calculation formulas could be seen in an existing literature [8] .
For comparison, cement hydration degree in PC were also determined by Wn test. As shown in Fig.2 , the values from two methods showed good consistency, which proved the reliability of BSE-IA in cement hydration degree study. It should be noted that the CH content determined by BSE-IA was volume fraction while determined by image analysis was mass fraction. Therefore, CH content by volume by BSE-IA should be converted to content by mass so that results could be used to compare the consistency of the two methods. According to the conversion method presented in Eq.1 and relative parameter values shown in table 2, volume fraction of CH determined by BSE-IA was converted to mass fraction. Then, it was compared with the value determined by TG, as shown in Fig.4 . It was obvious that the values from two methods showed good consistency, which proved the reliability of BSE-IA in CH content determination. 
Conclusions
BSE-IA can be used to determine volume content of several phases quantitatively in cement paste such as unhydrated cement and CH. Then, the hydration process of cement paste could be characterized by those quantitative indexes. The test accuracy of BSE-IA technique in quantitative study of different phases has been estimated through comparing to other familiar methods. Furthermore, advantages and disadvantages of this technique were analyzed.
It is reliable and accurate of BSE-IA in cement hydration degree and CH content determination, which has been proved by the agreement of results determined by BSE-IA and Wn test, thermal analysis respectively. 
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